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Summary.-An implantation model has been used to investigate the cellular pro-
gression of chemically induced subcutaneous neoplasia in the mouse. Implantation
of 3,4-benzpyrene induced persistent changes in the normal process of connective
tissue formation around the implant. Light-microscope and autoradiographic studies
have shown a temporal progression from aberrant filter- or muscle-associated cells
through proliferative foci to large invasive sarcoma. Electron microscopy revealed
that presarcomatous cell foci consisted of one of two different cell types. These were
either spindle cells with ultrastructural characteristics similar to foreign-body-
induced sarcoma, or cells with the ultrastructural features of rhabdomyosarcoma.
The subsequent appearance of two histological groups of sarcoma that were ultra-
structurally similar to the cells of the early proliferative foci indicated that both
elements mayprogress to formtumours. However, theconstituent cells of both groups
of tumours displayed a broad histological and ultrastructural spectrum and the
marked similarity between the undifferentiated cells of each suggested that both may
have arisen from diverse differentiation of a common pluripotential cell such as the
pericyte.
ALTHOUGH repeated s.c. injection in
rodents has been found to be of limited
value for assessing the carcinogenicity of
substances (Grasso & Golberg, 1966), s.c.
implantation has been used with some
success to trace the course of chemically
induced neoplasia in the subcutis. Vasiliev
(1959) and Vasiliev et al. (1962) produced
a comprehensive treatise on the cell and
tissue changes that occur after the s.c.
implantation ofpolycyclic aromatic hydro-
carbon (PAH) carcinogens in rats. These
carcinogens produced changes in the cell
and tissue reactions around the implanted
material, consisting of inhibition of fibro-
blast differentiation and growth accom-
panied by leucocyte infiltration. This led
to a profound distortion of normal fibro-
genesis, and encapsulation of the im-
planted material. Similar responses were
seen by Hooson et al. (1971, 1973) after
s.c. injection of water-soluble carcinogens.
Foci considered to be presarcomatous
arose from cells remaining in the col-
lagenized areas adjacent to the implanted
carcinogen (Vasiliev et al., 1962). These
early foci were similar to those which
arose after s.c. injection of a variety of
carcinogenic substances (Carter, 1969,
1970) and were reported to consist of
abnormal fibroblasts and fragmented dis-
torted collagen and reticulin. These fibro-
blasts were pleomorphic, and mitotic
figures were frequent. Although the cellu-
lar progression of induced s.c. neoplasia
has been extensively examined, the cell
types involved have not been conclusively
established.
It was the aim ofthis work to locate and
characterize the cell types involved in the
progression of s.c. neoplasia induced by
the carcinogen 3,4-benzpyrene (BP) using
histology, autoradiography and electron
microscopy. The implantation model de-F. R. WESTWOOD, E. LONGSTAFF AND W. ff. BUTLER
veloped by Lavelle (1973) and modified by
us to assess carcinogenicity (Purchase et
al., 1976, 1978) involved s.c. implantation
of Millipore filters overlaid with gelatin
containing test substances. Using this
technique it was found that tumours arose
at the implant site in 100% of mice
treated with BP within a 4-month period.
This technique was therefore seen as an
ideal model for the study of the cellular
progression of neoplasia in the subcutis.
METHOD)S
Preparation of filter-disc iiiiplantts. Milli-
pore filters Type GSW 3000 (Millipore Cor-
poration) with a pore size of 0-22 ,tm and
13 mm diameter were used. Test substances
(5 mg BP or 4 mg pyrene) uvere suspended in
1 ml of dimethylsulphoxide. The suspensions
were mixed wvith 9 ml of molten (50°C)
aqueous 16% (w/v) gelatin (Type IITA,
Sigma Ltd).
The molten-gelatin mixtures (0 2ml
aliquots) wNere dispensed on to the filters and
left to gel at room temperature in sterile
Petri dishes.
Inmplantation and tissue sampling.-Female
Alderley Park strain Swiss albino mice 6-8
weeks old (weight range 20-40 g) w%ere
anaesthetized by i.p. injection of sodium
pentobarbitone (Nembutal). An implant wi-as
inserted into the subcutis through a small
incision made in the clipped skin in the lumbar
area. The incision was closed w%ith sutures.
At various intervals after implantation the
mice w-ere killed by cervical dislocation. The
area around the filter was sewn at 4 points to
the underlying muscle tissue. This allowed
the implant site to be excised without dis-
turbing the spacial arrangement of the
tissues.
Three groups of mice were implanted
respectively with:
1. Gelatin control filters (66 mice).
2. Filters supporting 4 mg pyrene (0-1 mnol
equivalent) (31 mice).
3. Filters supporting 5 mg BP (01 mol
equivalent) (145 mice).
Samples of implant-site tissue were taken
for autoradiography, electron microscopy and
histology 1, 2, 3 days and 1, 2, 4, 8, 9, 10, 11,
12, 13, 14 and 15 w%eeks after implantation.
Histology. Implant-site tissues wNere fixed
in Bouin's solution, cut into 5 pieces and
embedded in paraffin wax. Sections (5 jm)
were cut from each block acnd stained Awith
haematoxylin and eosin. and with special
stains where appropriate. Seventeen animals
from each group were kept alive for up to 18
months or until tumours developed.
Autoradiography. Forty-five minutes be-
fore being killed animals wvere injected i.p.
with 1 jtCi/gbody weight 3H-thyinidine (6-3H,
Radiochemical Centre. Amersham). Implant
and adjacent tissues were excised and fixed
in neutral buffered formal saline. Sections
from these tissues wNere dipped in 50°O
aqueous 10% glycerol photographic nuclear
einulsion (Type K2, Ilford) at 40TC and left,
at room temperature to dry for 3-4 Ii. Slides
w%ere desiccated (silica gel) at 4°C in light-
tight boxes for 4 weeks before beingdeveloped
in a 50%0 aqueous soluition of D19 developer
(Kodak). Slides were stained in Harris's
haematoxylin solution.
Electron ii?icroscopy.-The imnplant and
implant-site tissues were excised and fixed in
30o glutaraldehlyde at 4TC. Tissue samples
were removed after 12 h, and 1mm strips cut
from the edge and middle of each. The
material was post-fixed in Millonig's 1%
osmium tetroxide, rinsed, dehydrated in
graded alcohols and embedded in Araldite
(Ciba-Geigy Ltd). Semi-thin sections (1 jam)
were cut and stained with toluidine blue for
light microscopy. Ultra-thin sections (70-90
nm) of areas of tissue of special interest were
prepared for electron microscopy. The latter
wvere stained wAith uranyl acetate and lead
citrate and examined in an AEI EM6B
microscope.
RESULTS
Controls
Inflammation appeared in the sub-
pannicular connective tissue localized
around the Millipore filter one day after
implantation. Lymphocytes and poly-
morphs were present in large numbers in a
proteinaceous exudate. Macrophages and
fibroblasts were abundant by the 3rd day.
Many fibroblast-like cells were in the S
phase of cell division as detected by auto-
radiography. Cells incorporating 3H-TdR
were also around the filter by the 7th day.
After 2 weeks (Fig. 1.) light and electron
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FiG. 1. Control tisstue reaction 2 weeks after the implantation of a AIillipore filter. The stirface of the
filter (MF) is coatedt by a condernsedi layer of macrophages (Mlp) surrounde(d by fibroblasts (Fb) aindl
collagen (Co). D, (deImis; P.C., pannictilus carnosuis; C, capsule. x 300.
microscopy revealed that the capsule con-
sisted of 1-3 layers of surface-attached
macrophages that were in intimate con-
tact and had extended long processes into
the surfaces of the filter. Layers of
orientated fibroblasts surrounded the
macrophages, and were themselves sur-
rounded by bundles of collagen. The cap-
sule surrounding the filter resorbed over
the following year of implantation, leaving
the implant surface coated by a layer of
foreign-body giant cells (FBG). The sub-
pannicular connective tissue surrounded
this layer. No s.c. tumours were dis-
covered by palpation in any ofthe 14 mice
implanted with control implants over an
18-month period.
Pyrene
Pyrene (4 miig/mouse) also induced an
initial exudation and inflammation around
the locality of the implant. Encapsulation
by fibroblasts, macrophages and collagen
occurred over the same period as with con-
trol implants. Changes different from
gelatin controls were noted after 2 weeks,
when irregular thick fibrous areas were
seen within the normal capsule. The fibro-
blasts within these areas were associated
with large amounts of collagen. Crystalline
material, presumably pyrene, was present
within these areas. The lesion nevertheless
resolved, as described for the gelatin con-
trol. No s.c. tumours were discovered by
palpation in 14 mice over an 18-month
period.
3,4-benzpyrene
An initial inflammationi similar to that
of the control was seen up to 3 days after
implantation. The amount of exudate had
decreased by the 7th day. However,
although fibroblasts were present scattered
around the locality of the filter, a con-
nective-tissue capsule had not formed.
Macrophages and leucocytes were also still
present throughout the tissue. Cells pre-
sent near local blood vessels were prolifera-
tive. However, autoradiographic studies
illustrated that very few ofthe cells within
76.3F. R. WESTWOOI), E. LONGSTAFF AND W. H. B3UTLER
FIG. 2. Filter (MF) and surrounding tissues 8 weeks after the implantation of BP. The sub-pannicuilar
connective tissue (SpC) contains few cells. The panniculus (PC) has (legeneratedi anti consists of
single cells permeate(d by exudate. D, (lermis. x 300.
the direct area of the filter had incor-
porated 3H-TdR. Four weeks after im-
plantation, macrophages, leucocytes,
fibroblasts and FBG cells were present in
the exudative connective tissue surround-
ing the filter. Numbers of these cells en-
closed crystal-shaped inclusions, presum-
ably of BP. Very few cells near the filter
surface were proliferative. Occasionally
large fibroblast-like spindle cells were seen
to incorporate 3H-TdR on the outskirts of
the tissue reaction. The panniculus car-
nosus and deeper muscle tissue, especially
when close to the filter, often degenerated.
Cells within these areas were proliferative.
The walls ofblood vessels in the connective
tissue adjacent to the filter were some-
times thickened and eosinophilic. The
nuclei of the constituent cells were large,
and autoradiography showed that many
had incorporated 3H-TdR. Mammary
ducts in close proximity to the filter were
often hyperplastic. A very similar tissue
response was noted 8 weeks after im-
plantation (Fig. 2). The general nature of
the tissue reaction remained unchanged
until the formation of s.c. tumours. A
number of proliferative events in the area
of the filter could be identified during this
period:
1. Cell foci withini areas of degenerating
pannicular and deeper muscle tissue occa-
sionally showed a high rate of incorpora-
tion of 3H-TdR. This muscle tissue was
usually separated from the filter by a layer
of oedematous connective tissue, but was
occasionally in direct contact with the
filter surface. The electron microscope re-
vealed muscle-like cells free in small or
large groups in the fluid surrounding the
filter. Fig. 3 depicts cells that had actin
and myosin filaments of a regular struc-
ture; Z-bands, M-bands and H-bands
were apparent. Nuclei were often irregular
and mitochondria were numerous. Myelin
bundles and whorls were seen. Bundles of
fenestrated organelles composed of a
system of tubules and cisternae were
occasionally seen, other cells were large,
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FIG. 3.-Aberrant muscle cells in the sub-pannicular connective tissue surrounding the implanted
filter. Myelin whorls (MW) and fenestrated organelles (FO) were present. Ex, exudate. x 4,500.
FIG. 4a. Autoradiograph of implant site tissue 9 weeks after treatment with BP. Large DNA-
synthetic cells (SC) near the filter surface (MF) have incorporated thymidine. The cells in the
surrounding oedematous sub-pannicular connective tissue are non-proliferative (NPC). x 300.
FIG. 4b.-Autoradiograph of proliferative focus of cells (PF) occurring on the filter surface (MF)
14 weeks after the implantation of BP. ST, subcutaneous tissues. x 300.F. R. WESTWOOD, E. LONGSTAFF AND W. H. BUTLER
FIG. 5. Cells of proliferative filter-attached focus 11 weeks after the implantation of BP. Note Golgi
complexes (GC); dilated RER (ER); mitochondria containing smooth-membraned vesicles (Vm)
and vesicles free in the cytoplasm (Vg). x 11,250.
strap-like and multinucleate, containing
sheaves offilaments irregularly distributed
in the cytoplasm. Z-band material was
prominent. Nuclei were large andirregular.
Only small amounts of endoplastic reticu-
lum were apparent, but large numbers of
ribosomes, usually grouped together as
polyribosomes, were scattered throughout
the cytoplasm. Many mitochondria were
present. These cells were very similar to
those seen in the final tumour (Fig. 8).
2. In contrast to the surrounding
tissues, only the cells on or near the filter
surface were seen to have incorporated
3H-TdR (Fig. 4a). These cells had very
large oval or irregular nuclei with promi-
nent nucleoli and many chromatin gran-
ules. Nuclear membranes had many in-
vaginations. The cytoplasm was scanty
with perinuclear basophilia.
3. Small foci of cells with similar
morphology were seen on or near the
filter surface (Fig. 4b). Cells were in in-
timate contact with each other, and only
small amounts of collagen or reticulin
were present. Up to 1 in 4 of these cells
incorporated 3H-TdR. Some filters had
several of such foci on their surface. Sec-
tions with similar but larger foci of cells
were observed under the electron micro-
scope. Cells showed the morphological
features illustrated in Figs. 5 and 6. Cells
tended to be elongated with a single
nucleus. Nuclei were large and irregular in
shape, with prominent areas of hetero-
chromatin. The cytoplasm contained a
prominent dilated rough endoplastic
reticulum. Many Golgi complexes were
present (Fig. 5). Mitochondria were
numerous and often contained rounded
smooth vesicles (Fig. 5). However, cyto-
plasmic structures of a similar size to
mitochondria and bordered by a double
membrane were frequently present, con-
taining a dense array of these smooth-
surfaced vesicles. These vesicles were also
free in the cytoplasm of the cells (Figs. 5
& 6). Annulate lamellar structures (Fig. 6)
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Fia. 6.-As Fig. 5. Note annulate lamellar structures (AL); microtubules (Mt); dilated RER (ER);
smooth-surfaced vesicles (V); lysQsomes (Ly); fibrillar material (lifftisely (listribtited and forme(i
into sheaves (Mf) an(I exti-acelltilar amorphous material coiisistent with basal lamellae (AAI).
A=xI5,000. B==x4,500.
Fic. 7a.-Type I cell ttimotir. x 300. b.-Type 2 cell ttimoiir. x 300.F. R. WESTWOOD, E. LONGSTAFF AND W. H. BUTLER
FIGw. 8.-Cells from Type 2 cell tumour that contained bundles of myofilaments organized to form
sarcomeres (S) with prominent Z-bands (Z). x 7,500.
were seen in these cells, consisting of regu-
lar stacks of membranes. Microfilaments
were prominent. They were either dis-
tributed diffusely throughout the cyto-
plasm or condensed into bundles ofsheaves
adjacent to the plasma membrane (Fig. 6).
Round electron-dense bodies consistent
with lyososomes were present in many of
the cells (Fig. 6). Pericellular deposits of
amorphous or fibrillar substance resemb-
ling basal membranes were occasionally
present.
Large s.c. tumours 1-1 5 cm in diameter
formed in 17 mice, in a mean time of 105
days. These tumours were undifferentiated
sarcomas consisting of either one or both
of 2 major cell components (11 Type 1, 3
Type 2, and 3 mixed Type 1 and 2).
Necrosis, inflammation and haemorrhage
were present. Blood vessels were numerous
and immature. All tumours invaded the
surrounding tissues, includingskin, muscle,
fat and connective tissue.
Type 1
Large spindle-shaped cells of varying
sizes (Fig. 7a) with large irregularly shaped
nuclei. Nuclei were basophilic with a fine
chromatin network and numerous chroma-
tin granules. Cells usually contained one
nucleus, although multinucleate cells were
present with up to 20 or more nuclei.
Multinucleate cells were rounded or strap-
like. The cytoplasm of the cells was not
extensive, and had a pronounced peri-
nuclear basophilia. Cells formed swirling
patterns of growth. Only very small
quantities of reticulin or collagen were
present. Ultrastructurally these cells
ranged from those with the same morpho-
logical features as those illustrated in Figs.
5 and 6 and containing all the noted cyto-
plasmic inclusions, to those similar to that
illustrated in Fig. 9b. These cells con-
tained only small amounts of RER,
many polyribosomes and little fibrillar
material.
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FIG. 9a. Cell from Type 2 cell tumour that contained sheaves of filaments (Mf); polyribosomes (Pr);
smooth-surfaced vacuolcs (V) and nuimerous mitochondria (M). x 15,000. b.-Cell from Type 2
cell tumou-r that was of a similar nature to that illtustratedl in (a) but containied no buidles of fila-
ments. x 15,000.
Type 2
The nuclei of t,hese cells were of a
similar size to those of the Type 1 cells
(Fig. 7b). The nuclear matrix had a less
prominent chromatin network. The cells
had an abundant acidophilic cytoplasm.
Multinucleate cells were prominent and
grew in interlacing straps and bundles.
Cross-striations were noted in some of
these cells. Only small amounts of collagen
or reticulin were present. Many of the
large multinucleate cells of these tumours
were morphologically similar to the Type 1
multinucleate cells. As in the Type 1
tumours, the multinucleate cells also
often contained an abundant acidophilic
cytoplasm. Ultrastructurally, the con-
stituent cells ofthe Type 2 tumours varied
in morphology as shown in Figs. 8, 9a
and 9b. Some of the cells (Fig. 8) were
large and irregular. They contained fila-
ments arranged to form sarcomeres with
Z-bands. Mitochondria-free ribosomes and
polysomes were present,. Only small
amounts of endoplastic reticulum were
seen. Nuclei were usually of an irregular
shape.
Other cells (Fig. 9a) contained smooth-
surfaced vesicles scattered throughout the
cytoplasm with irregularly distributed
fibrillar material which was also present, in
the form of sheaves. Z-band material was
not present.
A third type of cell (Fig. 9b) contained
little endoplastic reticulum, many free
ribosomes, polyribosomes, smooth-sur-
faced vesicles, and small amounts of
randomly scatteredfibrillarmaterial. How-
ever, no sheaves of fibrils were present
All tumours of Type 2 cells that were
examined contained this variety of cells.
DISCUSSION
In these experiments the requirement
for a non-tumorigenic solid base for the
implant was of primarv importance. We
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have confirmed the findings of Goldhaber
(1961) and Karp et al. (1973) that Milli-
pore filters of pore size 0-22 /um are non-
tumorigenic after s.c. implantation.
The incorporation of pyrene into the
gelatin overlay did not substantially alter
the tissue reaction to implantation. The
material remaining in the subcutis became
coated by a capsule similar to that seen
with control implants, but somewhat,
thicker. No tumours were found.
The incorporation of 5 mg of BP into
the gelatin overlay profoundly altered the
course of the tissue response. An early
feature of the tissue reaction was a pro-
longed exudation and infiltration by
macrophages and lymphocytes. The
mechanism of this is poorly understood,
but various authors (Klimenko, 1958;
V;asiliev et al., 1962) have suggested that
the lymphocytic infiltration may occur as
a result of the local immune reaction to
tissue proteins modified by the carcino-
gens. Indeed, Curtis et al. (1978) have
shown that BP induces a pronounced
immune response, and their findings sug-
gested that, this response is an important
component of the carcinogenic process.
Further, the tumour-inhibitory effect of
specific cytotoxic lymphoid cells (Berczi
& Sehon, 1977) may explain the pre-
(lominance of lymphocytes in the BP-
induced tissue reactions. In the present,
study the normal fibroblast response to
implantation was inhibited. This particu-
lar aspect of carcinogen treatment has
also been noted by Vasiliev et al. (1962),
who demonstrated an inhibition of fibro-
blastic differentiation and growth around
paraffin pellets containing carcinogens.
Similar findings (Hooson et al., 1971, 1973)
followed repeated injections of water-
soluble carcinogens into the subcutis.
Moreover, carcinogenic hydrocarbons in-
hibit the proliferation of fibroblasts in
vitro, whilst chemically related but non-
carcinogenic hydrocarbons do not (Vasiliev
& Guelstein, 1963). These observations are
consistent with Evensen's view (1961) that
carcinogens interfere with the synthesis of
DNA and the mitotic process.
The large aberrant cells that were ob-
served actively incorporating 3H-TdR on
or near the filter surface about 8 weeks
after implantation were in contrast to
the surrounding non-proliferative tissue.
These cells and those noted in the local
muscle tissue were the most likely pro-
genitors of the proliferative foci that
ultimately arose adjacent to the im-
planted filter. The cells in these foci, both
those consisting of aberrant spindle cells
and those consisting of multinucleate
muscle-like cells, together with the subse-
quent tumours, exhibited morphological
characteristics similar to tumour cells
described elsewhere. First, the spindle
cells ofthe early foci and the differentiated
Type I cell tumours were morphologically
similar to tumour cells described by
Johnson et al. (1973) that developed after
the s.c. implantation of plastics. As with
the present work, in addition to the usual
subcellular organelles, prominent con-
stituents of many of the cells were micro-
filaments either scattered diffusely
throughout the cytoplasm or concentrated
in the form of bundles or sheaves. How-
ever, the occurrence of microfilaments
does not appear to incriminate a specific
mesenchymal cell type as tumour origina-
tor (Johnson et al., 1973). These structures
have been described in a variety of
mesenchymal tumours, including epi-
thelioid sarcomas (Frable et al., 1973),
haemangiopericytomas (Murad & Von
Haam, 1968), fibrosarcomas (Crocker &
Murad, 1969) and lieomyoblastomas
(Cornog, 1969). In addition to the cellular
constituents noted in foreign-body sar-
comas (Johnson et al., 1973), our studies
illustrated the presence of annulate lamel-
lar structures which have been more
frequently encountered in malignant cells
than in normal cells (Elliot & Arkelger,
1966; Chambers & Weiser, 1964; Merkow
etal., 1967).
The fibroblast has commonly been
implicated as the originator cell of chemi-
cally induced s.c. sarcomas (Vasiliev et al.,
1-962; Carter, 1]970) and the sub-cellular
features of the Type 1 cell tumours re-
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ported here are consistent with this
hypothesis. However, as with foreign-
body-induced sarcomas (Johnson et al.,
1973; Brand et al., 1976) another cell type
such as the pericyte may be implicated as
the originator of the spindle-cell tumours.
The pericyte deserves special considera-
tion as a possible cell oforigin, in that it is
a local pluripotential mesenchymal cell,
and this could account for the subcellular
variety within and between tumours. Also,
it possesses subcellular features which are
compatible with those seen in the tumour
cells.
The proliferative foci ofaberrant muscle-
like cells noted in some of the sections
were morphologically similar to rhabdo-
myosarcoma cells described by Friedman
& Bird (1969). Variously distributed actin
and myosin filaments were present as
were Z-bands. Many of the cells had
fenestrated organelles, consisting of a
system of tubules and cisternae similar to
those described by Hagopian & Spiro
(1967). Myelin clusters were also present.
These cells probably originated from the
panniculus carnosus or deeper muscle
tissue.
The Type 2 tumour cells noted here
were also of very similar morphology to
the rhabdomyosarcomas described by
Friedman & Bird (1969), who showed that
it was possible to discriminate between at
least 4 types of such tumours, depending
on their state of differentiation. In the
present study the Type 2 tumour cells also
varied in their state of differentiation,
ranging from those with small numbers of
cytoplasmic filaments of no fixed length
often localized in the perinuclear zone, to
those containing organized actin and
myosin filaments arranged to form myo-
filaments with prominent Z-banding.
These studies indicate that the cellular
progression of neoplasia can take 2 main
routes following the s.c. implantation of
BP. Firstly, the transformation of fibro-
blast or pericyte-like cells with their
subsequent progression through filter-
attached foci to sarcomas that vary in
their state of differentiation. Secondly,
the transformation of cells of the pannicu-
lus carnosus or deeper muscle, and their
progression to sarcomas that also vary in
their state of differentiation.
However, the morphological distinction
between the undifferentiated Type 1
tumour cells, described here, and the un-
differentiated Type 2 tumour cells was
very restricted. Both types of cell had a
limited dilated rough endoplasmic reticu-
lum, many mitochondria and polyribo-
somes, and very small quantities of
fibrillar material. Both were found to form
multinucleate structures. Although the
results ofthese investigations indicate this
dual progression of neoplasia, the possi-
bility cannot be ruled out that both histo-
logical groups of tumours arose, at least
in some cases, from the same cell origin.
A number of factors indicate that a
pluripotential cell such as the pericyte is
probably capable ofproducing this variety
of tumours. As already noted, Johnson
et al. (1973) implicated the pericyte as a
possible progenitor of foreign-body-in-
duced sarcomas. Furthermore, Hard &
Butler (1971) found that cells of tumours
arising in the kidney after treatment of
rats with dimethylnitrosamine displayed
a broad histological spectrum, including
cells similar to fibroblasts, pericytes,
snmooth-muscle cells and rhabdomyo-
blasts. Despite this there was no basis
for a type subdivision. It was suggested
that the pericyte was the most likely
progenitor cell. Thus the pericyte is
probably capable ofyielding tumours con-
sistent with both cell types noted in these
studies. This hypothesis is at present being
examined in our laboratories by the use of
in vivo/in vitro tissue-culture techniques to
study the early stages of tumorigenesis by
BP in the subcutis.
The auithors are grateful to Airs E. Penny for
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